Background. This multicentre, double-blind, placebo-controlled study compared the opioidsparing effectiveness and clinical safety of parecoxib sodium over 48 h, in 195 postoperative patients after routine total knee replacement surgery.
demonstrated that parecoxib sodium is effective in several models of postoperative pain. 15±17 In additional studies, parecoxib sodium has been shown to have no effect on platelet function or gastric mucosa at doses up to 40 mg twice daily (bd).
18±20
The present study was designed to compare the opioidsparing effectiveness and clinical safety of parecoxib sodium 20 mg bd i.v. and 40 mg bd i.v. over a 48-h period in postoperative patients after total knee replacement, a surgical model known to cause severe pain.
Methods
This was a multicentre, randomized, double-blind, placebocontrolled, multiple-dose study conducted at 10 sites in Belgium, France, Germany, and Sweden. Enrolment ranged from 13 to 33 patients per participating investigator, and was conducted between December 1999 and August 2000. The protocol and amendments were reviewed by the appropriate independent ethics committees, and the study was conducted in accordance with the ethical principles that have their origins in the Declaration of Helsinki.
Patients
Patients aged b18 yr, who had undergone routine total primary replacement of one knee, performed under a standardized regimen of spinal anaesthesia, were included in the study. All patients received a single dose of spinal bupivacaine 10±20 mg, and intraoperative sedation with midazolam 0.5±1.0 mg i.v., or propofol <6 mg kg ±1 h ±1 . Eligible patients were in satisfactory health, as determined by medical history and physical examination. Women were eligible for the study only if they were not lactating and veri®ed as not being pregnant.
Patients were excluded from the study if they had undergone a revision to a previous knee replacement, emergency knee replacement, or knee replacement as a result of a trauma. Patients with asthma or bronchospasm, requiring treatment with glucocorticoids, were excluded, as were those with in¯ammatory bowel disease, a chronic or acute renal or hepatic disorder, or a signi®cant coagulation defect. Patients were not considered eligible if they had upper gastrointestinal ulceration or bleeding up to 60 days before receiving study medication. In addition, patients were excluded if they had used long-acting NSAIDs in the 4 days before the ®rst dose of study medication, or if they had taken antidepressants, narcotic analgesics, antihistamines, anxiolytics, hypnotics, sedatives, NSAIDs, or corticosteroids up to 24 h before receipt of the study medication (except routine preoperative medication).
Study design
During the pretreatment period, de®ned as 14 days before the administration of study medication, written informed consent and medical history were obtained, and patients underwent physical examination, and testing of vital signs and clinical laboratory values. Elective total primary knee arthroplasty was performed under spinal anaesthesia. Duration of analgesia was de®ned as the time from initiation of spinal analgesia until the ®rst toe movements after operation. Patients were eligible for enrolment at the end of surgery.
Patients were randomized, according to a computergenerated randomization schedule, to receive either parecoxib sodium 20 mg bd i.v., parecoxib sodium 40 mg bd i.v., or placebo i.v. at the completion of surgery, and at 12, 24, and 36 h after the administration of the ®rst dose of study medication. Morphine doses (1±2 mg) could be taken by patient-controlled analgesia (PCA) or by bolus, and were permitted at any time from 30 min after the end of surgery. Patients remained at the study site until after the ®nal assessment at 48 h. Those requiring further analgesia at any time point in addition to morphine and the study medication were withdrawn from the study after completing pain assessments and a global evaluation of the study medication.
Patients' assessments
Patients assessed their pain intensity as`none',`mild', moderate' or`severe' at 2, 4, 6, 9, 12, 18, 24, 36 and 48 h after administration of the ®rst dose of study medication. If patients were asleep during the scheduled time for pain assessment, they were not awakened, except at the 12-, 24-, and 36-h assessments, which were performed immediately before the receipt of study medication. Ambulation was restricted for 15 min before each pain assessment.
Patients also provided a global evaluation of study medication at 24 h (before the administration of the third dose of study medication), and at 48 h after the administration of the ®rst dose of study medication, using a fourpoint scale (1=poor, 2=fair, 3=good, 4=excellent).
Ef®cacy and safety endpoints
Ef®cacy measures included the cumulative amount of morphine consumed at 2, 4, 6, 9, 12, 18, 24, 36, and 48 h, and the amount of morphine consumed in the periods 0±2, 2±4, 4±6, 6±9, 9±12, 12±18, 18±24, 24±36 and 36±48 h after the ®rst dose of study medication. Other ef®cacy measures were the proportion of patients requiring morphine between the time points; time to the ®rst dose of morphine; time to the last dose of morphine; and patients' global evaluation of the study medication.
Safety was assessed for the 48 h after the ®rst dose of study medication by the incidence of treatment-emergent adverse events, results from physical examinations, and changes from baseline in vital signs and clinical laboratory values (biochemistry, haematology and urinalysis).
Statistical analyses
The sample size calculation was based on the amount of morphine expected to be consumed within 24 h, and determined that 60 patients per group would be suf®cient to detect a difference of b20% decrease in the total amount of morphine used over the 24-h postoperative dose period between parecoxib sodium 20 mg bd, parecoxib sodium 40 mg bd, and placebo groups. 21 All ef®cacy analyses were performed on the modi®ed intent-to-treat (ITT) cohort. This included all patients who were randomized, received at least one dose of study medication, underwent a surgical procedure of no more than 4 h duration, did not require additional analgesic medication within the ®rst 30 min, and were connected to PCA within 140 min of surgery.
The cumulative amount of morphine administered at each time point, and the amount of morphine consumed during each ®xed time interval, was analysed using analysis of variance (ANOVA), with treatment and centre as factors. The median time to the ®rst and last dose of morphine was calculated using the Kaplan±Meier product limit estimator with Miller's adjustment. For patients who withdrew from the study before 48 h, the time to the last dose of morphine was considered censored at the time of withdrawal. 22 Ninety-®ve per cent con®dence intervals for the median time to the last dose of morphine were calculated using the Simon and Lee method. 23 Overall and pair-wise log-rank tests were used to determine the statistical signi®cance of the treatment group differences in the distribution of time to the ®rst dose of morphine and to the last dose of morphine. The proportion of patients requiring morphine during each time period, and patients' global evaluation were analysed using the Cochran±Mantel±Haenszel test, adjusted by centre. Effect of sex on morphine consumption was analysed using Fisher's exact test.
Time-speci®c pain intensity (categorical) was analysed using ANOVA. Linear interpolation was used to estimate one to two missing values, and the last-observation-carriedforward method was used if there were three or more consecutive missing values, or if there were no evaluations after a certain time point.
Results

Patients
A total of 195 patients were randomized to placebo (n=63), parecoxib sodium 20 mg bd (n=65), or parecoxib sodium 40 mg bd (n=67). The physical characteristics of the treatment groups were comparable; most patients were female (68±78%) and Caucasian (97±100%). In addition, there were no differences between treatment groups in the type of surgical procedure (surgery on right or left knee), duration of surgery, or duration of anaesthesia (Table 1) .
A total of 19 (10%) patients were withdrawn from the study (Table 2) , thus 176 (90%) patients completed it. The analyses of ef®cacy measures were performed on the ITT cohort, which included all patients who were randomized, received at least the ®rst dose of study medication, whose operative time was <4 h, did not require analgesia within 30 min of the end of surgery, and whose PCA was instituted within 140 min of wound closure. The ITT cohort included 189 patients: 63 patients in the placebo group; 61 patients in the parecoxib sodium 20 mg bd group; and 65 patients in the parecoxib sodium 40 mg bd group.
Morphine use
Analysis of the modi®ed ITT cohort demonstrated that patients receiving parecoxib sodium 20 mg bd or 40 mg bd consumed signi®cantly less morphine at 24 h than patients taking placebo (both P<0.05; Fig. 1 ). Mean cumulative amounts of morphine consumed over 24 h were 43.5 mg in the placebo group, and 36.7 mg and 31.4 mg in the Patients in the parecoxib sodium groups consumed less morphine than patients in the placebo group throughout the study. The reductions in morphine consumption with parecoxib sodium compared with placebo were signi®cant during the 6±9 and 18±24 h time intervals for the 20 mg bd dose, and during the 4±6, 6±9 and 18±24 h time intervals for the 40 mg bd dose (Fig. 2) . At each time point after surgery, both doses of parecoxib sodium reduced the cumulative morphine consumption compared with placebo (Fig. 3) . These reductions were signi®cant for patients taking parecoxib sodium 40 mg bd at every time point from 6 h (P<0.004). In patients taking parecoxib sodium 20 mg bd, signi®cant reductions in morphine consumption compared with placebo were obtained at 9 and 24 h.
In each time period, the proportion of patients requiring morphine was lower in the parecoxib sodium groups than in the placebo group (except the parecoxib sodium 40 mg bd group at 2±4 h). At 9±12 h, the parecoxib sodium 40 mg bd group had a signi®cantly (P<0.011) lower percentage of patients requiring morphine than the placebo group. The three treatment groups were comparable with respect to both median time to the ®rst dose of morphine (range 1.53±2.02 h) and median time to the last dose of morphine (range 44.02±46.30). The use of morphine was not affected by the patient's sex (P=0.19).
Pain intensity
Parecoxib sodium administered with morphine provided greater pain relief than morphine alone at every time point after surgery compared with placebo. The reductions in pain intensity with both doses of parecoxib sodium were statistically signi®cantly different compared with placebo at 6 h, 24 h, and 36 h (P<0.05; Fig. 4 ). There were no signi®cant differences in pain intensity between the two parecoxib sodium treatment groups at any time point.
Patients' global evaluation of study medication
The patients' global evaluation of study medication showed that patients treated with parecoxib sodium had greater 
Fig 3
The cumulative amount of mean PCA morphine consumed over 48 h after surgery in patients taking parecoxib sodium 20 mg bd i.v., parecoxib sodium 40 mg bd i.v., and placebo. Patients in the parecoxib sodium groups consumed less morphine than patients in the placebo group throughout the study. The differences were signi®cant (*P<0.004) at every time point from 6 h for parecoxib sodium 40 mg bd i.v., and at 9 and 24 h for parecoxib sodium 20 mg bd i.v. Opioid-sparing with parecoxib sodium after surgery patient satisfaction scores than those taking placebo treatment. At 24 h after the ®rst dose of study medication, both doses of parecoxib sodium were associated with signi®-cantly better scores than placebo (P<0.018). The percentage of patients who rated their study medication as`good' or excellent' was 71% and 79% in the parecoxib sodium 20 mg bd and 40 mg bd groups, compared with 53% in the placebo group (Fig. 5) . At 48 h, parecoxib sodium 40 mg bd was associated with statistically signi®cantly better scores than placebo (P=0.004). A total of 92% of patients rated their study medication as`good' or`excellent', compared with 70% in the placebo group. After 48 h of treatment, parecoxib sodium 20 mg bd i.v. had numerically, but not statistically signi®cantly, better scores than placebo (P=0.083). A total of 84% of parecoxib sodium 20 mg bdtreated patients rated their study medication as`good' or excellent'.
Safety
All 195 patients were included in the analysis of safety. The overall incidence of adverse events among the three treatment groups was similar. Adverse events were reported for 68.3% (43/63) of patients in the placebo group, 66.2% (43/65) of patients in the parecoxib sodium 20 mg bd group, and 70.1% (47/67) of patients in the parecoxib sodium 40 mg bd group. Patients receiving parecoxib sodium 40 mg bd experienced signi®cantly less fever than placebo patients (1.5% vs 19.0%; P<0.001; Table 3 ). The incidence of opioid-type side-effects (nausea, vomiting, constipation, intestinal ileus, central nervous system effects) was similar. The use of antiemetic medication was not different between groups. Most (>85%) of the adverse events in each group were mild to moderate in severity. Adverse events experienced by >5% of patients in any treatment group are summarized in Table 3 . Only one patient in each parecoxib sodium group discontinued treatment as a result of adverse events: pruritus and rash in one patient taking parecoxib sodium 20 mg bd; and vomiting in one patient taking parecoxib sodium 40 mg bd. In the placebo group, three patients discontinued treatment because of adverse events: they were nausea and vomiting; nausea and hypertension; and nausea. One placebo-treated patient died during the study from an acute pulmonary embolism.
Discussion
This study shows that parecoxib sodium 20 mg and 40 mg bd i.v. produces signi®cant opioid-sparing effects compared with placebo in postoperative patients after knee replacement surgery. Mean morphine consumption over 24 h was reduced by 15.6% and 27.8% in the parecoxib sodium 20 mg bd and 40 mg bd groups, respectively. At each time point over the 48-h postoperative period, both doses of parecoxib sodium reduced morphine consumption in a dose-dependent manner compared with placebo. The combination of better pain control and tolerability in the presence of parecoxib sodium affected the patients' global evaluation of the study medication as, at 24 and 48 h, there was a greater level of satisfaction among patients taking parecoxib sodium than those taking placebo. The use of analgesic combination therapy to achieve reductions in opioid use and improved pain control, as recommended by The Royal College of Anaesthetists and others, is supported in this study. 24±26 Patients in the parecoxib sodium treatment groups not only required less morphine, but experienced greater pain relief than patients receiving morphine alone at every time point after surgery compared with placebo. These results demonstrate one advantage of multi-model therapy, that patients experience less pain even though they require less narcotic.
Parecoxib sodium is a COX-2 selective inhibitor, which reduces the number of adverse events associated with nonselective COX-1 inhibition. These include upper gastrointestinal ulceration and bleeding, renal dysfunction, and bleeding related to platelet inhibition. In this study, parecoxib sodium 20 mg bd i.v. and 40 mg bd i.v. were safe and well tolerated, as most of the adverse events in each group were mild to moderate in intensity. There were no clinically important adverse gastrointestinal, plateletrelated, or renal side-effects observed in this trial, although the numbers studied were relatively small.
A reduction in opioid-type side-effects was not demonstrated in this study, however. Some postoperative sideeffects, such as nausea and vomiting, which had a higher incidence in patients taking parecoxib sodium 40 mg bd than in patients taking parecoxib sodium 20 mg bd or placebo, are affected by multiple factors in the surgical environment. For example, the type of surgery, the anaesthetic and associated medication, and the pain itself. 27 It may not be a reasonable expectation that the occurrence of such multifactorial events in the immediate postoperative period would be modi®ed by postoperative administration of parecoxib sodium. There are several other potential explanations for the absence of any reduction in opioid-type side-effects. First, opioid symptoms and physiological effects were not prospectively identi®ed for speci®c measurement in this trial. The use of speci®c data collection instruments (such as the Opiate Symptom Distress Questionnaire; On ®le, Pharmacia), physical examination (such as listening for bowel sounds), or physiological monitoring (oxygen saturation) are methods that may be able to evaluate more clearly the effects of opioid reduction. Second, the degree of reduction in opioid use may not have been suf®cient to result in clinically meaningful reductions in their side-effects, or the trial may have been too small to identify differences between treatment groups. A trial of this size may also be underpowered to identify reductions in uncommon symptoms, such as respiratory depression. A review of published opioid-sparing trials with ketorolac demonstrates that opioid-sparing effects are variable and not always signi®cantly demonstrated. 28±34 The use of a patient population more susceptible to opioid side-effects than the carefully selected population in this clinical trial may be required. Consequently, additional clinical studies, using different clinical designs or different patient populations, will be helpful to de®ne more fully any clinical bene®t of the opioid-sparing effects of parecoxib sodium.
COX-2 selective inhibitors that provide opioid-sparing effects, without disrupting platelet function, are ideal in the management of postoperative patients. Although oral COX-2 selective inhibitors have demonstrated opioid-sparing effects when administered preoperatively to patients undergoing spinal fusion surgery, 35 parecoxib sodium is the only injectable form of a COX-2 selective inhibitor in development. This is particularly important in the acutely painful postoperative setting because many surgical patients cannot tolerate oral medication or may have variable perioperative gastrointestinal absorptive function.
Parecoxib sodium has demonstrated analgesic ef®cacy in several postoperative pain models, and has shown a rapid onset of action and long duration. 16 17 36 The results of the present study indicate that parecoxib sodium also provides a signi®cant opioid-sparing effect when administered over a 48-h period in postoperative patients after total knee replacement, a surgical model known to cause severe pain.
